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ABSTRACT 



' Aims. The unification of active galactic nuclei (AGN) is a model that has been difficult to test due to the lack of knowledge on the 

intrinsic luminosities of the objects. We present a test were we probe the model by statistical investigation of the neighbours to AGN at 
redshifts 0.03 < z < 0.2 within a projected distance of 350 kpc and |Az| < 0.001, 0.006, 0.012 and 0.03 between AGN and neighbour. 
Methods. 1658 Type-1 (broad-line) AGN-galaxy pairs and 5698 Type-2 AGN-galaxy pairs with spectroscopic redshifts from the 
Data Release 7 of Sloan Digital Sky Survey were used together with a complementary set of pairs with photometric redshifts on the 
neighbour galaxies (13519 Type-1 AGN-galaxy and 58743 Type-2 AGN-galaxy pairs). Morphologies for the AGN host galaxies were 
C*| ■ derived from the Galaxy Zoo project. 

Results. Our results suggest that broad-line AGN and narrow-line AGN reside in widely different environments where the neighbours 
to Type-2 AGN are more star-forming and bluer than those of Type-1 AGN. There is a colour-dependency only detectable in the 
neighbours with photometric redshifts for the Type-2 AGN. We see that the ratio between Type-l/Type-2 neighbours to Type-2 AGN 
decreases steadily at short separations with a statistical significance of 4.5 sigma. The lack of change in the morphology of the Type-2 
AGN hosts having a close companion (contrary to the case of Type-1 AGN hosts) suggests that the innate state of Type-2 AGN is 
extremely short-lived and is not preserved in subsequent mergers. Finally, we perform a hypothetical luminosity test to investigate 
whether a mass bias in our selection could explain the observed differences in our samples. Our conclusion is that AGN unification 
is consistently not supported by the environment of the two types of AGN, but that an evolutionary connection between them might 
exist. 

Key words. AGN- SDSS - Environments - Unification - Hypothetical - Realistic 

in 

• ' 1 . Introduction broadening of the spectral lines. In its most simple form of the 

AGN Unification, the Straw Person Model (SPM), all AGN are 
^-J . Active galactic nuclei (AGN) are compact, very luminous ob- the same type of objects only differing by the viewing angle. 

' jects in the center of galaxies that have an engine driven by 
VI accretion of mater i al upon a supermassi ve black hole (SMBH) while this model has been very succe ssful in explaining 
>■ (e.g. iReesl |Lynden-Bellj |j969|). The discovery that SO me observed features of AGN such as the existence of Type- 

V-j ; AGN-hosting Seyfer t 2 gal axies observed with polarized light 2 AGN with hidden BLRs, a number of inconsistencies also 
k£ . dAntonucci & Milleij |1985|) had a similar spectrum to Seyfert 1 appeared with time. Unresolved issues includes e.g. why not 
■ suggested that the two types of objects were actually the same, a ll narrow -line AGN s how broad-lines in their polarized spec- 
but that the light of a Seyfert 2 had to pass through! optically tra (ffrlrl |200H l200l . The lack of Type-2 AGN with BLR 
thick material on the way to us. could be expla ined by an extremely low accreti on rate dNicastroL 

The broad-line region (BLR) of the Type-1 AGN is sug- 120001: lElitzuil 120081) . by extreme obscuration (IShu et all 12008) 
gested to originate from UV or X-ray illumination of hydro- or due to the relative luminosity of AGN versus the luminos- 
gen clouds around the accretion disk. The narrow-line region ity to its host galaxy mak ing it more difficult to detect the 
(NLR), consisting of narrow forbidden lines such as [Om]5007 BLR (Lumsde n et all l200ll) . Other difficulties are dealing with 
and [Nn]6585 is present in all AGN. The typical signature of the clos e environment of AG N. The lack of Type-1 AGN in 
Type-2 AGN is the presence of NLR and absence of BLR. This clusters ( Marti nez et all 120081) and in isolated pairs of galaxies 
resulted in the model of AGN unification, where the accretion dGonzalez et all 120081) . the higher frequency of close compan- 
disk of an AGN is obscured by a donut-shaped torus of dust that ions a round Type-2 AGN within 100 kpc than around Type-1 
from certain viewing angles hides the broad-line region around AGN dKou louridis et al., 2006a|b J) and correlation of host galaxy 
the accretion disk, making the object appear as a Type- 2 AGN morphology with AGN type (Martinez et all 120081) have sug- 
dAntonuccii 119931) . The Type-1 AGN are in this viewed face- gested that the viewing angle solely might be insufficient to ex- 
on, where the high velocities of the clouds will cause Doppler plain the difference between the two types of AGN. 
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A recent study by Koulouridis et al. (2011) performing op- 
tical spectroscopy and imaging of 22 Seyfert 1 galaxies with 15 
neighbours, 22 Seyfert 2 galaxies with 13 neighbours and 24 
Bright IRAS galaxies (BIRGs) with 20 neighbours followed-up 
by X-ray spectroscopy suggested that the neighbours to Seyfert 
1 and Seyfert 2 galaxies have different stellar masses, star- 
formation history and that Seyfert 2 neigbours have a systemat- 
ically higher degree of ionization. However, their samples were 
too small to study any direct influence of the AGN on their 
neighbours. 

Several of these findings suggest that the viewing angle 
might not be a sufficient explanation. This would need to be 
confirmed by a robust statistical study with galaxy surveys. 
However, when doing unification statistics one must also con- 
sider p ossible selection bia s es tha t a clumpy dus t torus intro- 
duces dKrolik & BegelmanL f l988: Tr istram et all 120071) . The 
Realistic Unification (lElitzurl 1201 2h takes the dumpiness of 
the torus into account and suggests that Type-2 AGN are 
more likely to be drawn from the higher end distribution of 
the dust covering fac t or, has som e observational support (e.g. 
Ramos Almeid a et al.l 120091 1201 lb . Undoubtedly, this can influ- 
ence any unification statistics studies and bias us to select Type-2 
AGN with larger instrinsic luminosities and SMBH masses than 
a Type-1 AGN sample with seemingly similar absolute magni- 
tude distribution. 

The aim of our paper is to perform the first statistical test 
of the AGN unification using AGN neighbours. This approach 
permits many biases based on observed properties of AGN to be 
reduced and is also the first study to combine the investigation 
of the direct influence of AGN on their neighbours. Hence, it of- 
fers an alternative approach to the AGN-starburst connection. In 
Paper I, we will use both volume-limited samples with spectro- 
scopic redshifts drawn from the seventh data release (DR7) of 
the SDSS for studying the close environments of Type-1 and 
Type-2 AGN at a scale up to 350 kpc. We will focus on ex- 
amining the clustering of neighbours around the two different 
types of AGN, the morphologies of the host galaxies and how 
colours and star-formation rates in the neighbours change as a 
function of their distance to their neighbour at redshifts z < 
0.2 using Standard Cosmology (O A =0.70, Q M =0.30, H o =70 km 
s _1 Mpc 1 ). From the PhotoZ catalogue, we will also obtain all 
neighbours with photometric redshifts and S z < 0.03 from the 
spectroscopically preselected AGN in order to increase our sam- 
ple sizes. 

Finally, we perform an extensive hypothetical experiment 
to deal with the potential biases in the selection of Type-2 
AGN with high obscuration and higher intrinsic luminosity and 
masses, and to check if the signal-to-noise-ratio of the emission 
lines might bias our selection and results. In Paper II (in prep.), 
we will include LINERs and perform a similar study using the 
O ii lines for classification of AGN and extract the stellar masses 
as a replacement of the hypothetical luminosity test. 

Table [TJ summarizes all the samples in our study and their 
definitions. Section 2 describes our sample selection, Section 3 
shows the direct results for our samples and the results from the 
hypothetical experiment, Section 4 is the discussion and summa- 
rizes our conclusions. 

2. Data and methods 

2.1. Spectroscopic sample selection 

The SDSS (corr ected for Galactic fo r egrou nd extinction 
dYork et all l200Cl) DR7 (lAbazaiian et all l2008l) has spectro- 



scopic data of 929,555 galaxies and 121,363 quasars in five op- 
tical bands (u,g,r,i,z filters), covering the complete wavelength 
range of the CCD camera. The quasars and galaxies were cho- 
sen in the redshift range 0.03 < z < 0.2. The upper redshift limit 
cut was selected so that Ho- could be detected in the neighbour 
galaxies, while the lower redshift cut was selected to avoid bi- 
ases associated with finite spectroscopic fiber sizes. We used ob- 
jects with specClass= 2 or 3 ('Galaxies' or 'Quasars'), EW(Ha) 
> 2 A and highly reliable redshifts (zconf >0.95). We rejected 
those with poor quality indicated by catalog flags: brightness 
(flags&0x2=0), satur ation (flags&0x4 ( )000= 0) and blended im- 
ages (flags&0x8=0) (IStoughton et all 120021 see Table 9). The 
reason why we reject objects with EW(Ha) < 2 A is that our 
selection methods for Type-2 AGN will be based purely on 
emission-line criteria and we therefore must restrict our Type-1 
AGN sample to only emission-line objects for consistency. This 
will as a consequence do our study focused particularly on star- 
forming AGN. 

As we in an earlier publication ( Villar roell 1201 lb observed 
a loss of 5% of the quasars due to flags, we consider the bias 
from flagging being a negligible effect that will not significantly 
influence the number of AGN. 

We retrieved the redshifts, spectral line information and 
Galactic foreground extinction-corrected apparent magnitudes 
fdered'), resulting in 253,352 objects from which we derive the 
parent AGN samples. For the objects marked as 'Galaxies' we 
retrieved K-corrections from the PhotoZ table. For the objects 
marked as 'Quasars' we calculated the K-correction using a uni- 
versal power-law spectral energy distribution (SED) with optical 
flux given by f v = v" where the mean spectral optical index a=- 
0.5 can be related to the K-correction using: 

K(z) = -2.5a log{\ + z) - 2.5log(\ + z) (1) 

The Galactic extinction- and K-corrected rest frame absolute 
magnitudes of all objects could then be calculated according to: 

Mobs = m obs + 5- 5log{D L ) - K(z) (2) 



2.1.1. LINERs 

Low-ionization nuclear emission-line regions (LINERs) occur 
in a relatively large fraction of nearby galaxies of different mor- 
phologies and luminosities. These regions have an emission-line 
spectrum with low-ionization states. Emission lines from higher 
ionization stages are weak or absent. LINERs are subjects of 
scientific debate, since it unsure whether these nuclear emission 
regions arise from AGN activity or from star-forming regions. 
Neither is the mechanism behind the low ionization known, and 
both Shockwaves and UV light are argued to be the main reason. 
LINERs are commonly referred to as AGN in scientific litera- 
ture. However, we will separate them in our study with the help 
of the definition used in Kewley et al. (2006): 

log([Oiii]/ff/3) > 0.61/(log([Nn]///a)) - 0.47) + 1.19 (3) 

Using the Kewley criterion we obtain 34249 LINERs in our 
parent sample. Here we will only use them to compare the red- 
shift distributions of the three types of AGN. The selection crite- 
rion will mainly be used in this paper for removing the LINERs 
from the Type-1 and Type-2 AGN samples. We define this sam- 
ple as the "LINER Parent Sample". 
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2.1.2. Type-1 AGN 

Broad Balmer emission lines is the key signature of an accretion 
disk. The Type-1 AGN were therefore selected on solely one 
criteria, the width of the Ha line in the SDSS single-Gaussian 
fitted spectra, measured in the emitter's rest frame. 

Galaxies should fulfill cr(lia) > 10 A (corresponding to 
FWHM > 1000 km s -1 ) and emission in Ha in order to be cat- 
egorized as Type-1 AGN. LINERs were excluded by using the 
Kewley criterion. The first selection gave 11334 Type-1 AGN. 
We define this sample as the "Type-1 Parent Sample". 

The SDSS single-Gaussian fitted spectra can bias the separa- 
tion between Type-1 and Type-2 AGN, since it might be difficult 
to resolve the contribution to the Ha emission-line peak from 
the N ii contribution from a narrow-line AGN. Type-2 AGN can 
also get "mixed" into the sample in case the broad-line compo- 
nent is faint, if we have scattered light from a broad-line region 
in an obscured quasar or if the forbidden l ines in a Type-2 AGN 
would have a non-Gaussian line profile dLiu et all [2009). We 
will address the first of these three problems later in this paper 
by comparing neighbours depending on the S/N ratio of the Ha 
line and equivalent widths of the AGN hosts. 

We also tried out another limit, cr(Ha) > 15 A to select the 
Type-1 AGN. The same analysis results were obtained. 

2.1.3. Type-2 AGN 

The observed high-excitation state of the gas caused by 
non-thermal radiation can be used to separate the AGN 
from starburst galaxies. To select narrow-line AGN we 
use the Baldwin-Phillips & Terlev ich line-ratio diagrams 
jBaid win- Phillips & Terlevichl fl98ll) combined with the 
Kauffmann et al. (2003) criterion: 

log([0 in] I Hp) > 0.61/(log([Nii]/#ar))- 0.05)+ 1.3 (4) 

To avoid contamination of Type-1 AGN in the Parent 
Sample, we only include those that also have cr(Ha) < 10 A. 
These include many composite objects also hosting starburst ac- 
tivity. LINERs were excluded by the use of the Kewley crite- 
rion. The first selection yielded 53416 Type-2 AGN, defined as 
the "Type-2 Parent Sample". We will also for the Type-2 AGN 
sample check the impact of the S/N ratio of the emission line on 
the conclusions. 

2.2. Volume-limited test sample of parent objects 

We chose objects with M r < - 21.2 and z < 0.14 in order to get 
the largest possible number statistics (with respect to the num- 
ber of Type 1 AGN) for a volume-limited subselection of our 
Type-1 AGN, Type-2 AGN and LINER Parent Samples. The red- 
shift distributions of the three volume-limited subsample can be 
seen in Figure Q] It is in fair agreement with the redshift dis- 
tributio n of samples pre s ented in Liu et al. (2011) of the QSO 
sample dSchneider et all 1201 Oh and the narrow-line AGN sam- 
ple selected with the Kauffmann et al.(2003) criterion. 

Our parent samples suggests that we see approximately 3.5 
times as many Type-2 AGN as we have Type-1 AGN in this 
volume-limited subsample, see Table Q] This is not in contra- 
diction with other studies where the ratio for Type- 1 to Type-2 
AGN varies between 1:2 to 1:5 (e.g. lMaia et all l2003l) . We also 
include the absolute magnitude distribution for the same sam- 
ples, figure [2] from which we cannot draw any conclusions in 
the light of Realistic Unification. 



2.2.1. Neighbours to AGN 

To select neighbours to our AGN in the parent samples, we 
query for all nearby galaxies from the SpecObjAll catalogue 
(DR7) to our AGN within 11 arcminutes with the function 
"dbo.fDistanceArcMinEq" and within |Az| < 0.012 from the 
main AGN. This angular separation was selected in order to 
avoid a biased sample within the projected distance range of 
interest, which in our study is between to 350 kpc. We are 
interested in this range as it covers both close interacting pairs 
as well as the nearby large-scale environment, where interesting 
things- such as a sudden gap in the surface density of blue neigh- 
bours Jxjj^mi^s-jmght be happening at a distance around 150 
kpc (IVillarroelL 120111) . The redshift difference cut |Az| < 0.012 
is chosen at it provides us with the interesting opportunity to 
probe the large-scale environment in the redshift dimension, as 
we can investigate the clustering of galaxies by comparing the 
number of pairs within |Az| < 0.001 (at z=0.2 corresponding 
to 4 Mpc), |Az| < 0.006 (26 Mpc) and |Az| < 0.012 (53 Mpc). 
Also, it has the benefit of being comparable to the photomet- 
ric redshift neighbour sample as this value is roughly half of 
the photometric redshift error, |Az| < 0.025. For the photomet- 
ric neighbour samples we later selected a redshift difference cut 
|Az| < 0.03 (see following section). Together with the informa- 
tion from |Az| <0.001, 0.006, 0.012 and 0.03 we cover the tran- 
sition region between the spectroscopic and photometric neigh- 
bour samples and can thus discover potential effects in the neigh- 
bours caused by background galaxy contamination. 

Due to spectroscopic fiber collisions approximately 2/3 of all 
pairs with angular separa tion less than 55" can not be detected 
fe.g. lEllisonetldl 12010). unless residing on overlapping spec- 
troscopic plug plates. This might bias our sample towards more 
wide pairs. We will, however, compensate the bias in the next 
section, when we will search for all remaining neighbours with 
photometric redshifts to our AGN in the spectroscopic redshift 
pair samples. The finite fiber sizes also makes it difficult to detect 
pairs in the late stages of mergers. 

After removing repetitions, we retrieved 1658 Type-1 
AGN-galaxy pairs (defined as the "Type 1 Spectroscopic 
Pair Sample"), 5698 Type-2 AGN-galaxy pairs ("Type 2 
Spectroscopic Pair Sample") and 4214 LINER-galaxy pairs 
("LINER Spectroscopic Pair Sample"). For these we obtain the 
dereddened apparent magnitudes, the spectroscopic redshifts, 
the isophotal axis lengths, the spectral line information, K- 
corrections from the PhotoZ catalogue and calculate the pro- 
jected distances between the two object in each pair. We also 
calculate the rest-frame absolute magnitudes for each object as 
described in section 2.1. 

2.2.2. Photometric redshift neighbours 

To get a more valid estimate on the clustering of different colour 
types of galaxies around Type-1 and Type-2, we query from 
the PhotoZ catalogue to find all neighbour galaxies with pho- 
tometric redshifts. We do this only for the AGN already existing 
in our spectroscopic AGN-galaxy pair catalogues and select all 
neighbours within the angular distance of 1 1 arcmin and and 
|Az| < 0.03 from the AGN. 

While the photometric redshift samples do not suffer from 
the fiber incompleteness issue, the resolution and surface bright- 
ness limits of the SDSS photometry might play a role in the de- 
tection of neighbours. Faint neighbours might not be detected, 
and if any AGN has an increased number of low surface bright- 
ness (LSB) galaxies at short projected separations, these might 
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Fig. 1. Distribution of redshift in the volume-limited parent AGN samples. 



not be observed and hence bias our sample towards an underesti- 
mated clustering of LSB galaxies around the AGN. For the pho- 
tometric pairs, we retreive the morphologies for all AGN hosts 
from the Galaxy Zoo project, see below. Our final samples (in- 
cluding morphologies) are 13519 Type- 1 AGN-galaxy pairs (de- 
fined as "Type 1 Photometric Pair Sample") and 58743 Type- 
2 AGN-galaxy pairs (Type 2 "Photometric Pair Sample"). The 
ratios of pairs between the photometric pair samples and spec- 
toscopic pair samples indicate that the Type-2 AGN have more 
nearby neighbours than what can be detected by SDSS spec- 
troscopy. 



average absorption line strengths corresponding to 2.5 A in EW 
for Ha and 4 A for H/3 dMattsson & Bergvalli l2005h . Further, 
we do internal extinction corrections for galaxies with EW(H/3) 
> 5 A according to a standard inte rstellar extinction curve (e.g. 
lOsterbrockt l2009t IWhitford. 19581) . Here the stellar absorption- 
corrected Ha and H/3 lines for each galaxy are used to calculate 
the extinction coefficient, that together with the interstellar ex- 
tinction curve can be used to estimate the amount of extinction 
for each emission line. 



2.2.3. Morphology samples 

For the pairs, we chose to query for the morphology of the 
parent, AGN hosts in th e pair from the Galaxy Zooj project 
(Lintott et a n. l2008Ll20ldl) . Not all parent AGN in our pair sam- 
ples had morphology information. This is why the morphology 
samples are very similar to, but slightly smaller, than the spec- 
troscopic redshift samples. They are defined as "Morphology 
Pair Samples". We also obtain the morphology classifications 
for our parent AGN samples, so that we can see if the presence 
of a close neighbour significantly changes the morphology of the 
AGN hosts, defined as "Morphology Parent Samples". 

2.3. Line flux and extinction corrections 

For the neighbouring galaxies to the AGN in our spectroscopic 
redshift pairs, we correct the Balmer emission line fluxes and 
equivalent widths for underlying stellar absorption by assuming 



1 The SDSS casjobs interface allows one to obtain the Galaxy Zoo 
classification for any object in their catalog (Table 2) with a correspond- 
ing SDSS Object ID. 



The colours of the neighbours were corrected for inclination- 
dependent dust extinction, using the analytical expressions in 
Cho & Park (2009), meaning that we corrected the colours for 
all galaxies having < (u-r) < 4, Ho- line width ranging from 
to 200 A and absolute magnitude - 21.95 < M r < - 19.95 
and finally a concentration index C in the range 1.74 < C < 
3.06. Neighbour galaxies outside these parameter ranges are 
left untreated, which for instance means that more luminous 
objects have no inclination-dependent extinction correction on 
their colours applied. Unless all neighbour galaxies around only 
one certain type of AGN would be observed with the same in- 
clination angle (which is highly unlikely due to the assumed 
isotropy of the Universe) or the selection of the two AGN types 
has strong biases, we do not expect extinction correction to sig- 
nificantly change the results. We control this by not including 
any extinction corrections on colours and emission lines, which 
turns out not to change the results in the paper at all and the 
applied extinction corrections are therefore merely used for im- 
proved accuracy. 
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Fig. 2. Distribution of M r in the volume-limited parent AGN samples. 

Table 1. A summary of all the samples in our study. The number of objects in the volume-limited cut of the sample is given (z < 
0.14 and M r < -21.2). The total number of objects in each sample is given in parenthesis. 



Samples 



Sample type 



Type 1 



Type 2 



LINER 



Parent 


5114 


(11334) 


17518 


(53416) 


13939 (34249) 


Spectroscopic Pair 


703 


(1658) 


1194 


(5698) 


1282 (4214) 


Morphology Parent 


5065 


(10154) 


16294 


(48970) 




Morphology Pair 


702 


(1604) 


1191 


(5547) 




Photometric Pair 


1836 


(13519) 


3663 


(58743) 





Table 2. Number of satellites around central AGN in a volume-limited pair samples. The number of satellites in the subsam- 
ple |Az|=0.001 (column 2) is compared to the Parent Sample |Az|=0.012 (column 4). The fraction of satellites in the subsample 
|Az|=0.001 (column 3). The ratio (column 5) between the number of satellites in subsample |Az|=0.001 and total number of objects 
in a volume-limited pair sample (column 6). 



Clustering of neighbours 



Central galaxy type 


|Az|=0.001 


fractionA; 


|Az|=0.012 


fraction p( ,,„ 


N Parent Sample 


Type- 1 


385 


0.55 


703 


0.08 


5114 


Type-2 


718 


0.60 


1194 


0.04 


17518 


LINER 


794 


0.62 


1282 


0.06 


13939 



3. Results 

3. 1 . Volume-limited test sample of pairs 

We estimate the relative fraction of pairs by comparing the spec- 
troscopic pair samples to the spectroscopic parent samples. 

From the second column of Table [2] we can not see any sig- 
nificant difference in | Az| between the different pair samples. On 
the other hand, we do see that the Type-1 AGN significantly 
more often have a close neighbour than do Type-2 AGN or 
LINERs. For the AGN themselves we also compare the abso- 
lute magnitude M r , rest-frame colour u e - r e and redshift distri- 



butions to AGN in the parent samples. No significant changes 
in luminosity, colour and redshift, depending on the presence or 
absence of a companion, are found. 

3.2. Colours of neighbours 

Dust extinction, metallicity and the age distribution of stellar 
populations are all factors that can influence the colour of a 
galaxy. We therefore investigate how the colour u e -r e of a neigh- 
bour galaxy to AGN changes as a function of distance from the 
AGN. 
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Fig. 3. Volume-limited comparison of internal extinction cor- 
rected u e - r e colour of non-AGN neighbour galaxies versus dis- 
tance to the AGN with |Az| < 0.012. The number of pairs in the 
plot is 582 for the Type-1 AGN and 913 for the Type-2 AGN. 
Among the neighbours, all AGN, LINERs and galaxies with ex- 
ceptional colours u e - r e > 10 are removed. 



Figure [3] shows how the internal extinction corrected u e - r e 
colour^ for a normal (non-AGN) companion galaxy changes as 
a function of the projected distance between the companion and 
the AGN in bins of 50 kpc. Standard errors are indicated by the 
lcr error bars. 

The average colour of the neighbours is redder around Type- 
1 AGN than around Type-2 AGN. We redo the analysis by also 
using two more |Az] cuts: |Az| < 0.001 and |Az| < 0.006 and ob- 
serve the same differences. Contamination of background galax- 
ies is therefore likely not to be the cause. Since the loss of an in- 
creased number of low-luminosity neighbours at small projected 
separations from fiber collision is larger for pairs at higher red- 
shift (as the Type-1 AGN-neighbour pairs), we do a similar anal- 
ysis with our photometric neighbour samples, see Figure|4] The 
colours of the neighbours from the photometric pair samples are 
not corrected for internal extinction. We can see that the colours 
of the neighbours in the photometric pair samples are bluer than 
those in the spectroscopic pair samples. This is a consequence of 
that we have not removed the AGN among the photometric red- 
shift neighbours as we lack emission line information for these, 
which means that we include a significant fraction of blue, star- 
forming galaxies in Figure[4] 

The photometric samples show that the combined effects of 
fiber collisions and spectroscopic targeting limit cause an un- 
derestimation of the number of neighbours, something that is 
clearer reflected in the Type-2 AGN neighbour samples. While 
the ratio of the pairs in the volume-limited cuts equals to spec- 
troscopic/photometric ~ 0.38 for the Type-1 morphology neigh- 
bour samples, the same ratio for Type-2 is ~ 0.33. We do the 
same plots for three types of morphological hosts. The volume- 
limited cuts of the Spiral and Uncertain samples of Type-1 and 
Type-2 AGN hosts exhibits exactly the same trend as does Fig 
|U For the Elliptical hosts, we had too few Type-2 neighbours to 
do a similar analysis, but for the closest bin within 50 kpc we 
calculated the mean value for Type-2 neighbours (u — r~ 2.02 + 
0.04) and for the Type-1 AGN neighbours (u - r ~ 2.53 ± 0.01). 
Possible restrictions of AGN unification to a certain galaxy mor- 
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Fig. 4. Volume-limited comparison of u - r colour of neighbour 
galaxies versus distance to the AGN with |Az| < 0.03 from the 
photometric samples. The number of pairs in the plot is 1836 for 
the Type-1 AGN and 3662 for the Type-2 AGN. 



phology is thus not sufficient to explain the differences between 
the two AGN populations. 

3.3. Star formation rate 

We use the measured Ha emission line from the spectroscopic 
catalog of the SDSS together with the Bergvall-Ronnback cali- 
bration (1995) to estimate the star-formation rate in the neigh- 
bours of AGN. 



34 



UHa) = SFR* 1.51 * 10 



and 



UHa) = 4nD 2 L V^ro-MO -20 



(5) 



(6) 



where SFR is the star formation rate in solar masses per year, 
cr and h are width and height of the Ha emission line, Di is the 
luminosity distance in Mpc and the emission line luminosity is 
expressed in watts. 

We first try to see if we can find any correlation or differences 
of SFR with distance between AGN and neighbour within the 
volume-limited cuts. The small number of Type-1 -galaxy pairs 
(153) and Type-2-galaxy pairs (365) within the volume-limited 
cut does not permit us to detect any statistically significant dif- 
ferences in the neighbour samples. We therefore search for an 
indication by estimating the number of neighbours (see Table 
|3]l within this volume-limited cut that have measurable star- 
formation We find that 3 1 % of the Type-2 AGN neighbours 
have measurable star-formation rate, while only 22 % of the 
Type-1 AGN neighbours, with the statistical significance level of 
3.3cr. This could suggests that the Type-2 AGN either form in re- 
gions with abundant gas supply or that they could transfer gas to 
the neighbour galaxies. Any of these explanations would support 
the observed hig her column densitie s of molecular hydrogen in 
the Type-2 AGN dAwaki et allfl99lb . One could also argue that 
Type-2 AGN are dustier objects on average, and therefore could 
suppress the star-formation rate of the neighbours less. We in 



The suffix "e" means "internal extinction corrected" in this context. 



3 In our study, we define the star-formation rate as "measurable" if 
the flux in Ho- > and the flux is twice the flux error. 
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Fig. 5. Ratio of Typel/Type2 AGN companions around Type-2 
AGN as a function of distance from the Type-2 AGN. LINERs 
are excluded and we use neighbours with |Az| < 0.012. In to- 
tal, there are 92 Type-1 AGN companions and 527 Type-2 AGN 
companions in the plot. 
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addition notice that the Type-1 AGN neighbours have a higher 
dust content (measured in Ha/H/3-ratio) than the Type-2 neigh- 
bours, but since the Ha line is corrected for underlying stellar 
absorption, Galactic and internal extinction, the dust extinction 
is suggested not to be the cause of the observed differences of 
star-formation rates. 

3.4. Overdensities around Type-1 and Type-2 AGN 

We are interested to see how the surface densities of AGN neigh- 
bours to Type-1 and Type-2 are interconnected to understand the 
differences in the small-scale environment around different types 
of AGN. We calculate the annular surface densities by 

P = jVdi.smnce/((flfi) 2 - (d 2 ) 2 )n (7) 

where N is the number of companion galaxies in each an- 
nulus with outer radius d\ and inner radius d^. The companion 
galaxies are binned into ten pieces of 35 kpc each, and we calcu- 
late the Poisson errors for each bin. Further, we calculate how the 
ratio of Type-l/Type-2 neighbours around Type-2 AGN varies as 
a function of distance from the Type-2 AGN with accompanying 
error estimation, presented by the Icr error bars, see Figure [5] 
We get a clear decrease (with 4.5 <x significance) of the ratio at 
close projected separations. We see the same trend also when us- 
ing |Az| < 0.001. As this is a ratio, possible biases in the ratio will 
tend to cancel out each other. We thus argue that this is an ac- 
tual physical difference between the two main classes of AGN. It 
could explain the lack of observed Type-1 AGN in isolated pairs 
of galaxies by Gonzalez et al. (2008). 

3.5. Morphology 

The morphology of AGN hosts is a long-disputed question and 
we here approach it by comparing the morphologies of Type- 
1 AGN and Type-2 AGN in the parent samples (Table |4]l with 
those in the pair samples (Table 0. In this way, we will be able 
to see how the detection of a nearby neighbour could influence 
the observed morphology of the AGN host. An interesting fea- 
ture is that while Type-1 AGN having a close neighbour tend to 



be more elliptical in the parent sample (something that indicates 
a merger transforming the spiral host), Type-2 AGN always re- 
side in spiral hosts. The more elliptical form of Type-1 AGN 
hosts in pair could also be a result of being in denser clusters. 
Our clustering (Table |2]i shows that the Type-1 AGN actually 
reside in less dense clusters than do Type-2 AGN. The lack of 
Type-2 AGN in elliptical hosts suggests that the state of a Type- 
2 AGN might be extremely shortlived in comparison to Type-1 
AGN, and that a merger might convert the Type-2 AGN into a 
different object, possibly a Type-1 AGN or a LINER. The reason 
why we suggest this is that the presence of a neighbour can be 
seen as an indicator of a denser environment where the probabil- 
ity of merger is larger. It is commonly believed that a merger will 
transform a spiral galaxy into an elliptical, which is also the case 
we observe for the Type-1 AGN where the presence of a neigh- 
bour significantly decreases the fraction of host galaxies with 
a spiral morphology and increases the fraction of galaxies with 
elliptical morphology. This is however not the case for Type-2 
AGN, for which we cannot see any increase at all in the frac- 
tion of elliptical host in the presence of a close companion. The 
dramatic difference in the two cases would imply two of the fol- 
lowing options: either spiral galaxy hosting a Type-2 AGN does 
not get influenced by a merger or close companion (by some ex- 
otic mechanism), or the Type-2 AGN cannot be preserved in its 
Type-2 state after a merger. The latter explanation seems to be 
more in picture with the observed the lack of Type-2 AGN (and 
presence of Type-1 AGN) in the high-redshift Universe, where 
the merger rate is significantly larger. We additionally compare 
the fraction of LINERs in elliptical galaxies in the parent sample 
(2.5 %) and in a similar sample of LINERs with neighbours (5.3 
%), and conclude that either the Type-2 AGN only exist in spiral 
form before the merger or the Type-2 AGN cannot merge with 
their neighbours. 

3.6. A Hypothetical Luminosity Test of AGN unification 

As the intrinsic properties of AGN are unknown due to the lack 
of knowledge on the geometry of the dust torus, the high discrep- 
ancies between the neighbour populations of Type- 1 and Type-2 
AGN could be the result of a biased selection on bolometric lu- 
minosities and masses of the objects. It is very difficult to esti- 
mate how much the torus on average obscures the Type-2 AGN 
in the case of Realistic AGN unification due to the little obser- 
vational evidence. The only thing we know is that if an AGN 
would be obscured by a dust torus, it would appear less lumi- 
nous and could be mistaken for being less massive. This means 
that Type-2 AGN of lower luminosities could be considerably 
more massive than Type-1 AGN of the same luminosities. 

One obvious way to approach the problem of a possible mass 
bias would be to extract the stellar and black hole masses of the 
central AGN in the two samples. We, however, will do this by 
matching the neighbour samples in colour, while estimating the 
luminosity displacement in the Type-2 AGN relative to the Type- 
1 AGN, assuming a Gaussian distribution of the covering factor. 

The risk of doing this for random two samples of Type-1 
and Type-2 AGN is that in case the accretion disk of the Type- 
1 AGN outshines the host galaxy, one could end up comparing 
the luminosity from the accretion disk in Type-1 AGN to the 
luminosity of the host galaxy in Type-2 AGN. The advantage 
of using low-redshift AGN for this study becomes clear in the 
context; the assumingly equal contribution (under the assump- 
tion of AGN unification) of the host galaxy luminosity in rather 
faint low-redshift AGN makes it possible to compare the lumi- 
nosity displacement on a statistical level, without any concerns 
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Table 3. The number of neighbours with measurable SFR, defined as blue and defined as AGN. |Az|=0.012 is used. 



Blue & AGN neighbours 



Central galaxy type 


measurable SFR 


fraction^ FR 


blue 


fraction^ 


AGN 


fraction AG;v 


Total number of pairs 


Type- 1 


412 


0.25 


527 


0.32 


243 


0.15 


1658 


- volume-limited 


153 


0.22 


119 


0.17 


110 


0.16 


703 


Type-2 


2228 


0.39 


2323 


0.41 


1001 


0.18 


5698 


- volume-limited 


365 


0.31 


265 


0.22 


238 


0.20 


1194 



Table 4. Parent sample. Morphologies of Type-1 and Type-2 AGN in volume-limited parent samples consisting of all Type-1 and 
Type-2 AGN within this volume, disregarding if they have neighbour or not. Errors in redshift are less than 8 Z < 0.01. 



Morphology 



Host 


spiral 


z spiral host 


elliptical 


z elliptical host 


total 


Type- 1 


1128 (22%) 


0.123 


751 (15%) 


0.123 


5065 


Type-2 


8506 (52%) 


0.098 


81 (<1%) 


0.098 


16294 



Table 5. The morphology of host galaxy with neighbours in a volume-limited sample. Not all galaxies had morphologies from the 
Galaxy Zoo, and those with uncertain ones are not included in the table. Errors in redshift are 5 Z ~ 0.01. 



Central galaxy type 


spiral hosts 


z spiral host 


elliptical hosts 


z elliptical host 


total number of hosts 


Type-1 


113 (16%) 


0.098 


145 (21%) 


0.087 


702 


Type-2 


676 (57%) 


0.095 


25 (2%) 


0.072 


1191 



for that the accretion disk of the Type-1 AGN could outshine the 
the host galaxy as in high-redshift AGN. As a result we are able 
as a check of consistency, to investigate if there exists any lu- 
minosity displacement where the neighbours of the two classes 
of AGN have the similar neighbours (and thus assumingly the 
similar masses), and if they further have the same distributions 
of morphologies among host galaxies, which is a necessary con- 
dition for AGN unification to be true. 

We herein will propose a test to sort out whether a luminosity 
displacement is enough to explain the discrepancies. 

3.6.1 . Step one: determining the variables 

While the general clustering of galaxies around the central AGN 
is rather similar for the two populations, we have seen that the 
pairs mainly differ in the following properties: 

1. Clustering of galaxies with measurable star-formation 
around the central AGN. 

2. Average colour of the neighbour population. 

3. Correlation of colour with distance between neighbour and 
AGN. 

4. Morphology of the AGN host galaxy. 

We here define the luminosity displacement in the AGN, E^, s 

AE dis = M r ,tot - M r (8) 

We define an average "offset" (O co ; our ) in the colour u — r 
between the neighbour populations of the Type-1 and Type-2 
populations for projected distances d > 50 kpc. The distance 
where the neighbour is no longer under direct influence of the 
AGN is estimated from Figure [4] The reason fo r this choice is 
that a potential Holmberg effect (Holmberg . Il969h . the possibil- 
ity that more star-forming galaxy neighbours tend to be aligned 
perpendicular to the disk of the galaxy, could influence the star 
formation rate at short separations (d < 50 kpc), but would be 
unnoticed at larger radii. However, in this particular case, we 
would also see the same distribution of AGN host morphologies 
among Type-1 and the luminosity-displaced Type-2 AGN. 



3.6.2. Step two: starting sample 

The starting point consists of two volume-limited subsamples of 
both Type-1 and Type-2 AGN, where M r < - 21.2 and z < 0.14 
is used for both central AGN and neighbour galaxies. While M r 
will be held constant for the neighbour galaxies and the Type-1 
AGN, we will vary this parameter for the central Type-2 AGN 
until we reach a state where the offset will be close to O a ,i our ~ 
and both neighbour populations will be very similar to each 
other. We define this point as the first M r value where the 1 cr 
error bars of the two sample overlap. 

We will perform the test for the two extreme cases to probe 
possible hidden obscured Type-1 AGN among the Type-2 AGN, 
the first as narrow as the volume limited Type-1 AGN sample in 
magnitude ("Single magnitude cut"), the second infinitely broad 
("Double magnitude cuts"): 

1. Varying the lower luminosity cut M r < - 21.2, where we it- 
erate it in the direction M r > - 21.2 as far as we have data. 

2. Varying the lower luminosity cut M r < - 21.2, where we it- 
erate it in the direction M, > - 21.2 as far as we have data, 
plus an upper cut M nupper where the range is equivalent to the 
fix width of the volume-limited distribution of Type-1 AGN 
in the pair sample. Since the most luminous Type-1 AGN 
in our volume-limited pair sample have an absolute magni- 
tude M rmaxjype-\AGN- - 23.8, this gives us a comoving, fixed 
width of w=2.6 mag. 

A support for AGN unification would occur during the it- 
erations if Ocdour ~ 0, and the new, deduced correlation of and 
colour (Figure |H with projected distance are fairly similar be- 
tween the two populations and the Type-2 AGN pair subsample 
with O a) i our ~ 0. A second condition is that the new suggested 
Type-2 luminosity population must have roughly equal fractions 
of spiral and elliptical AGN among the hosts. 

The average redshift of two populations with similar offsets 
also can reveal a minor time-evolution that otherwise can go un- 
noticed. The same test will also be used in future publications to 
connect LINERs to the evolution of active galaxies. 
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Fig. 6. Results of the hypothetical luminosity test. The x-axis 
shows the lower cut in absolute magnitude both for the one- 
cut and the fixed-width luminosity test. Y-axis shows the K- and 
Galactic extinction corrected colours among the neighbours. 
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3.6.3. Test results 

Figure|6]shows the results indicating that a subsample of Type-2 
AGN within the luminosity range of - 17.2 < M r j vpe -2AGN < - 
19.8 (corresponding to a luminosity displacement Ejj S ~ 4 mag) 
could correspond in mass to the volume-limited Type-1 in the 
pair samples. Using only a lower cut did not influence the selec- 
tion. The next step was to redo the colour-distance plot (Figure 
|4| with these luminosity constraints imposed on the Type-2 host 
luminosity selection and investigate the relative fractions of the 
host morphologies within. The plot revealed that if selecting 
Type-2 AGN with the magnitude range - 17.2 < M r j ype -2AGN 

< -19.8, the Type-2 AGN neighbours turn out to be very similar 
to the Type-1 AGN neighbours in their colour-distance behavior. 
However, the distribution of morphologies were similar to those 
in the volume-limited parent sample, see Table [4] In this selec- 
tion among the Type-2 AGN with neighbours, 25% could be de- 
tected in spiral hosts and only 2% in elliptical hosts, while for 
the parent sample the corresponding number was 52% in spiral 
hosts and 1 .5% in elliptical. Even if the different covering factors 
of the torus are insufficient to explain the observed difference in 
morphology populations, the similarity in neighbours of Type-1 
AGN with more faint Type-2 AGN suggests a strong evolution- 
ary link between the two types of AGN, where the change of 
morphology during interaction seems to be one of the key ingre- 
dients. 

We also redid this test with the sample of Spiral AGN, 
but here no magnitude range or cut could set the colour offset 
Ocoiour) to zero. 

Additionally, we investigated how the S/N ratio in any of the 
diagnostic lines to select the AGN could influence our results 
by following the same principle as above but with S/N ratio on 
the x-axis and the same magnitude limits for both samples M r 

< - 21.2 (both for AGN and its neighbour). We did this for all 
emission lines separately for both Type-2 AGN and the Type- 
1 AGN's Ha emission line (including the width), but also for 
all diagnostic lines at the same time. We also include a similar 
requirement in S/N-width on both Ha and the [N n] as the single- 
Gaussian selection mode of Type-1 could have been the root of 
the observed differences, and by chance could result in the in- 
clusion of non-AGN with poorly resolved Ha and [Nn]6585. 



However, increasing S/N ratio did not set the O co i om ~ 0, and 
hence the emission line diagnostics is unlikely to cause any sig- 
nificant bias in our results. 



4. Discussion and conclusions 

We construct two parent samples of broad-line (Type-2) and 
narrow-line (Type-1) AGN at redshifts 0.03 < z < 0.2 from the 
SDSS DR7 by using Ha emission line w idth and BPT-diagrams 
combined with Kauffm ann et alj (|2003) criteria. For the objects 
in the parent samples, we select spectroscopic neighbours with 
the redshift difference cut |Az| < 0.012 and within the projected 
distance of 350 kpc. From the Photo-z catalogue, we also cre- 
ate a comparison sample with neighbours having photometric 
redshifts and a redshift difference |Az| < 0.03. For all AGN 
hosts and neighbours in the spectroscopic samples, we retrieve 
morphology classification from Galaxy Zoo, K-corrected abso- 
lute magnitudes and spectral line measurements. We identify the 
AGN among the neighbours to our Type-1 and Type-2 AGN. 
The spectral line measurement of the non-AGN neighbours are 
corrected for underlying stellar absorption and internal dust ex- 
tinction. 

For the neighbours, we measure the colours and star- 
formation rates as a function of distance in volume-limited cuts 
of the samples, where both neighbour and hosts have M r < - 
21.2. 

The main conclusions are: 

1. Type-2 AGN neighbours are on average bluer than Type-1 
AGN neighbours. 

2. The colour in a non-AGN neighbour to Type-2 AGN changes 
dramatically at short separations, while the colour in the 
Type-1 neighbour remains uninfluenced. 

3. The fraction of star-forming neighbours around Type-2 AGN 
is higher than around Type-1 AGN. 

4. The ratio of Typel/Type2 AGN neighbours to Type-2 AGN 
increases with separation. The correlation has a statistical 
significance of 4.5 cr. 

5. The morphology of Type-2 AGN is uninfluenced by a close 
companion (contrary to the case of Type-1 AGN). Either 
Type-2 AGN rarely merge, or the Type-2 AGN is an ex- 
tremely short-lived AGN state. 

6. The differences between the complete parent samples and the 
volume-limited parent samples suggest that Type-2 AGN are 
surrounded by many more dwarf galaxies than are Type-1 
AGN. 

7. Using AGN with only a certain type of morphology (spiral 
or elliptical) when investigating their influence on the neigh- 
bours does not change the above-mentioned results. 

8. Approximating a value on the luminosity displacement be- 
tween Type-1 and Type-2 AGN needed to reproduce a sim- 
ilar colour distribution of neighbours around the two types 
yields a luminosity displacement E</ IS ~ 4 mag, but can 
not explain the discrepancies in the morphology populations 
among the two AGN types. Thus, the Realistic Unification is 
insufficient to explain the difference between the two neigh- 
bour masses. 

9. Increasing the S/N ratio of the diagnostic lines used in clas- 
sification does not influence the results. 

From our results, we conclude that viewing angle is insuffi- 
cient to explain the differences between the two neighbour sam- 
ples independently of the nature of the dust torus. 
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4.1. Possible biases 

At this point, one should question whether the different environ- 
ments of Type-1 and Type-2 AGN might be caused by various 
kinds of selection effects. 

The most important biases might come from the sample se- 
lection itself. While we used quite convential methods for creat- 
ing the samples with the help of the Kauffmann (2003) criterion 
for the Type-2 AGN with and cr(Ha) < 10 A , the criteria used 
for the Type-1 AGN was single-Gaussian emission-line width 
<T(Ha) > 10 A and thus depends on a single emission line mea- 
surement. The difficulties of resolving Ha-6565 and [N n]6585 
lines could cause a bias and one should possibly rather use multi- 
Gaussian fits for selecting broad-line AGN. Our approach to 
the problem was to examine if increasing the S/N ratio of the 
emission line fluxes and widths for both for the Ho'6565 and 
[Nn]6585 emission lines would change the differences between 
the two samples in any way. If the choice of single-Gaussian line 
fit is the cause of selecting fake broad-line AGN, increased de- 
mands on the S/N in both emission line widths and fluxes should 
decrease the number of potential fake broad-line AGN. However, 
no changes were observed by introducing this criterion. Also, at 
earlier stages of the analysis we used cr(Ha)= 15 A as a limit, 
which yielded the same results. In a future publication, we will 
do the sa me analysis using more sophisticated b road-line sam- 
ples (e.g. lHao et all 120051: ISc hneider etall l2010l) and narrow- 
line samples (e.g. lReves et all 120081: 1 Aihara et all 1201 ll) as well 
as using the [O n] emission line for classification. The advantage 
of using these is that they also take into account contributions 
from stellar absorption and internal extinction from the host 
galaxy when constructing the samples, the neglect of which can 
be another bias in our sample selection. However, if AGN uni- 
fication is true, there is no reason to expect that we would have 
different dust content or star-formation in the host galaxy itself, 
which is why such a bias should not alter our conclusions. Our 
sample ratios of Type-1 to Type-2 AGN in our volume-limited 
cuts is similar to that found by s everal the other groups (e.g. 
lHao et all 120051: iMaia et alll2003t) . 1:2, which supports that our 
sample selection methods are robust. 

Also the sky-covering factor could be a cause of seeing dif- 
ferent neighbours around Type-1 and Type-2 AGN. However, 
the large differences of morphologies of the AGN hosts rules 
out this possibility. Also, redshift and luminosity biases can be 
ruled out as they would not produce a correlation in the ra- 
tio Typel/Type2 neighbours around Type-2 as in Figure [5] The 
lack of observat i ons of Type-1 AGN in isolated pairs of galaxies 
dGonzalez et all 12008b supports this finding. 

Another bias we considered is whether the light from a Type- 
2 AGN would contaminate the closest neighbours (the bin at the 
shortest projected separation) and therefore create a false trend 
in the colours. However, we examine the luminosity distributions 
of AGN hosts and note that the Type-2 AGN are not any more 
luminous than the Type-1 AGN thus light contamination can not 
be the cause of the differences in the closest bin. To check if 
background galaxies might be the cause, we also do all the plots 
using spectroscopic pairs in three different redshift cuts |Az[ < 
0.001, |Az| < 0.006 and |Az| < 0.012, which all yield the same 
results. 

In our study we have not separated radio-quiet from radio- 
loud objects. Such a study would require much higher-precision 
radio measurements on all the AGN hosts than available in the 
catalogues today. A bias from including more radio-loud objects 
into one of the samples could also influence our results and con- 
clusions. In future we hope to do this with a better categoriza- 



tion of a large number of objects. However, in the case that AGN 
unification were true, there is no reason to expect that we would 
have a different fraction of radio-loud objects in the two samples. 

Finally, if the Realistic Unification were real, a clumpy dust 
torus might cause us to select AGN from different parts of the lu- 
minosity distribution and thus different stellar masses, and there- 
fore different clustering of neighbours. We approached the prob- 
lem by our hypothetical luminosity test and even if performing 
the hypothetical luminosity test on host galaxies initially (by 
only investigating the colours of neighbours) suggests a lumi- 
nosity displacement corresponding to Ej,-. s ~ 4 mag in Type-2 
AGN, this is not the cause. The morphology differences of AGN 
host galaxies between the two population are in contradiction 
with the idea of Realistic Unification irrespective of whether we 
select Type-1 and Type-2 AGN with "colour-matched" neigh- 
bour populations. The strong trend in colour of Type-2 AGN 
might therefore be related to the observed high er column den - 
sities of hydrogen gas in the Type-2 AGN fAwa ki et all 1 19911) . 
and would suggest a higher transfer of fuel into the Type-2 AGN 
neighbour. However, redoing this test using stellar masses of the 
host galaxies is needed to provide further support for our state- 
ment. Improved statistics on neighbour galaxies with measurable 
star-formation rate would also be needed to confirm (or reject) 
this hypothesis. 

4.2. Time-evolved AGN unification? 

As we could not find any support for the notion that Type-1 
and Type-2 AGN are intrinsically the same type of objects, we 
will consider the alternative of a time evolution between the two 
types of objects as suggested b y the Krongold-Koulouridis sce- 
nario (Koulouridis et al., 2006a), where the interaction between 
gas-rich galaxies ignites starburst activity. The ignition of star- 
formation activity by interaction is something that has been con- 
firmed by Ellison et al. (2010) in studies of galaxy pair colours 
and star-formation rate. In the time-evolved model, the starburst 
in the galaxy channels gas down to feed the super-massive black 
hole, and the accretion disk starts shining. As the starburst dies 
off, the accretion disk luminosity becomes more dominant and 
the remaining molecular gas and dust forms a torus around the 
disk. As the interaction proceeds, the AGN gets stronger and fi- 
nally drives away the obscuring clouds, forming a Type-1 AGN. 

The Krongold-Koulouridis scenario has several features 
that are consistent with our observations: the decrease of the 
Typel/Type2 AGN ratio near Type-2 AGN (assuming the Type-2 
AGN formed in both galaxies in the pair simultaneously), the in- 
creased number of blue, gas-rich neighbours near Type-2 AGN, 
and the transformation between spiral Type-2 AGN becoming an 
elliptical Type-1 AGN during the final stages of an interaction. 
As we can only see what is left after a merger, it is a natural 
consequence that we would observe fewer galaxies around the 
Type-1 AGN. Extending their scenario with a consideration of 
the morphology of the AGN hosts, we speculate that the blowout 
of gas would also have to affect some of the neighbours that 
do not complete the merger, and could provide a merger-driven 
AGN-feedback mechanism transforming blue nearby galaxies to 
red ones. In such a case, the ratio between the increase of blue 
galaxies around Type-2 AGN at close separations d < 50 kpc 
must be the same or higher than the increase of red galaxies 
(since some merge) around Type-1 AGN. Also, the bimodality 
of the colour distribution of galaxies in the Universe should in 
such a case have a clear correlation with the Type-l/Type-2 ra- 
tio evolution over redshift. For the closest bin in the volume- 
limited cuts of the photometric pair samples, we obtain 783 red 
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and 83 blue galaxies around Type-1 AGN and 1283 blue and 247 
red galaxies around Type-2 AGN. Comparing these numbers to 
those ranging over the complete distance scale up to 350 kpc 
in Table [3j we see no significant increase in the number of red 
galaxies around Type-1 AGN, while we see a huge increase of 
blue neighbours around Type-2 AGN, something which supports 
our hypothesis. 

A problem with the Rrongold-Koulouridis scenario is that on 
average our Type-1 AGN lie at higher redshifts than the Type-2 
AGN, both in the parent samples and the neighbour samples. 
This is consistent with the large number of quasars and defi- 
ciency of narrow-line AGN at high redshifts. However, the lack 
of elliptical Type-2 AGN both in the parent sample and in the 
pair sample suggests that a Type-2 AGN might be a very short- 
lived phenomenon, which explains why we have a much smaller 
probability to observe them in an environment where mergers 
are more common than now, e.g. in the high-redshift Universe. 
The spiral Type-1 AGN hosts and elliptical Type-2 AGN hosts 
would therefore present a form of transition objects between the 
two types. From this aspect, it would be particularly interesting 
to study these transition objects in terms of intrinsic properties 
such as star-formation rate, stellar ages, metallicity and even- 
tual radio loudness. If the time-evolution scenario proves to be 
correct, we estimate that the ratio between Type-1 spirals and 
Type-2 ellipticals should remain constant over redshift. Also, we 
would in such a case expect to see that >> 50% of the Type- 
2 ellipticals reveal a broad-line region with spectrapolarimetric 
observations. 

The third and the final problem, remains the observation 
of AGN switching between broad-line and narrow-line mode, 
which can not be explained successfully by the Koulouridis- 
Krongold model at present. 

4.3. Final remarks 

We have demonstrated in the paper that the influence of active 
galaxies on close neighbours largely depends on the nature of 
the AGN-whether it is a broad-line or a narrow-line AGN. This 
is not in agreement with the model of AGN unification that has 
been assumed in many statistical studies of active galaxies, in- 
cluding those with contradicting results of the AGN-starburst or 
AGN-postburst connection. We suggest as an alternative to sep- 
arate the two major types of active galaxies when working with 
large data-sets for easier comparison between various works, and 
to avoid averaging out possible physical differences in how they 
interact with close objects. 
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